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Optical analysis system, blood analj^is system and method of determiiung an amplitude of a 
principal component 



The inventicm relates to an optical analysis system for det erminin g an 
amplitude of a principal component of an optical signal, the optical analysis system 
comprising a multivariate optical element (M0£) for weighing fbe optical signal by a 
spectral weig^g function, and a detector for detecting the w^ghed optical signaL 
5 The invention fbrtber relates to a blood analysis sys^^ 

optical analysis system. 

The inveixdon fiirfibi^ relates to a mettiod of determining an amplitude of a 
princqsal componmt of an optical signal, liie method comprising the steps of weighing the 
optical signal by a MOB having a spectral wei^ung fimctions and detectmg the weired 
10 optical dgnal by a detector* 



US-Bl-6,198,531 discloses an embodiment of an optical analysis system 
described in the opening paragraph. 

15 The known optical analysis systocn is part of a spectroscopic analysis system 

suited for, e.g,, analyzing which compoxmds are comprised at which concentrations in a 
sample. It is well known that li^ intCTacting with the sample carries away information about 
the compotmds and Iheir concentrations. The underlying physical processes are exploited in 
optical spectroscopic techniques in which light of a light source such as, e.g., a laser> a lamp 

20 or light emittbg diode is directed to the sample for generating an optical signal which carries 
this in&rination. 

For example, light may be absorbed by the sample. Altanatively or in 
addition, U^t of a Imown wavelength may vat/scod with the sample thi^eby generating light 
at a differ^ wavel^igOi due to, e.g., a Raman process. The transmitted and/or generated 
25 lig^ tiien constitutes die optical signal which may also berefisiTedto as the spectrum. The 
relative intensity of the optical signal as function of the wavelength is then indicative for the 
compounds comprised in the sample and their concentrations. 

To identic thd compoimds conq>ris6d in the sample and to determine fheir 
concentrations the optical signal has to be analyzed, hi the known optical analysis system tiie 
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optical signal is analyzed by dedicated hardware comprising an optical filter. This optical 
filter has a transmission which depends on the wavelength, Le. it is designed to weigh the 
optical signal by a spectral weig^bing function which is given by the wavelength dependent 
transmission. The spectral weighing function is chosen such that the total intensity of the 
S weired optical signal^ i.e. of the li^ transmitted by the filter, is directly proportional to the 
concentration of a particular compound Such an optical filter is also referred to as a MOE, 
This intmsity may be conv^ently detected by a detector such as» ag,, a photo diode. For 

compouDd a dedicated optical filter wifii a characteristic spectral weighing function is 
used. The optical filt^ may be, e.g., an interference filt^ having a transmission constituting 

10 the desired spectral wei^iing function. 

For a snccessM implementation of this analysis scheme it is essential to know 
fhe q>ectral wei^iing functioxis coirespcmding to &e compounds of interest The spectral 
weighing function may be obtained by perfbnxdng a principal component analysis of a set 
comprising N or more spectra of N pure compounds of known concentration where N is an 

1 5 integer. Eadi spectrum comprises the int^isily of the coiresponding optical signal at M 
different wavelengths where M is an integer as welL Typically, M is much larger than N. 
Each spectrum containing M intaisities at corresponding M wavelengths constitutes a M 
dimensional vector whose M compon^ts are these intensities* These vectors are subjected to 
• a linear-algebraic process known as singular value decomposition (S VD) which is at the heart 

20 of principal componexit analysis and which is well understood in this art. 

As a result of the SVD a set of N eigenvectors Zn with n being a positive 
integer smaller than N+1 is obtained The eigenvectors Zti are linear combinations of the 
original N spectra and often reared to as principal componmt vectors or regression vectors. 
Typically^ the principal conqk^nent vectors are mutually orthogonal and determined as 

25 normalized vectors wi& . Using the principal corq>oneiit vectors Zq, the optical signal 
of a san^le oom p i is h i g the compoxmds of unlaiown concentration may be described by the 
combination of tihe normalized principal conxponent vectors multiplied by the appropriate 
scalar multipliers: 

30 3CiZi+X2Z2+...4«flZn, 

The scalar multipliers 2^ with n being a positive integer smaller than N-t-1 may 
be considered the ansplitudes of the principal component vectors Za in a given optical signal 
BacdL multiplier can be determined by ireating the optical signal as a vector in the M 
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dimensioxial waveleugUi space and calculating the direct product of this vector with a 
principal componaot yectca: Zn. The result yields the amplitude x,, of the optical signal in the 
direction of the nonnalized eigenvector Zn- The amplitudes Xn correspond to the 
concentrations of the N compounds. 
5 In the loiown optical analysis system the calculation of the direct product 

between the vector representing the optical signal and the {sincxpal conoponent vector is 
impl^ented in tiie hardware of the optical analysis system by means of the optical filter. The 
optical filter has a fransmittance such that it weighs the optical signal according to the 
componrats of the piiodpal conq^onent vectort Le. the prindpal conqionent vector 

10 constitutes tiie spectral weighing fimctton. The filtered optical dgnal may be detected by a 
decector which genres a signal with an ampUmde proportional to the anq>litude of the 
principal component vector and thus to the concmtration of the corresponding compound. 

la a physical sense, each principal component vector is a constructed 
''spectrum^ with a shape in a wavelength range within the optical signal la contrast to a real 

1 5 spectnim^ a principal component vector may comprise a positive part in a first spectral range 
and a negative part in a second spectral range. In this case the principal component vector has 
positive componaits for the wavelengths corresponding to the first spectral range and 
negative componeots fer the wavel«igths corresponding to the second spectral range. 

It is a disadvantage of the known optical analysis systOTi that it requires a 

20 relatively large amount of space. This is particularly disadvantageous when the optical 
analysis system is used for applications where little space is available, e.g. in space, in an 
CTiergency room of a hospital or in a portable device. 



25 It is an object of the invention to provide an optical anal>^ system of the kind 

desoibed in the opening paragraph, whi^may be realized in a relatively small space. 

According to the invention the object is realized in that the MOE reflects the 
optical signal and thereby weighs the optical signal by the spectral weiring fimction. 
Because the MOB is operated in reflection and not in transmission as in the known optical 
30 analysis system^ it may be reali2;ed in a more ccnnpact space. 

According to the invration the optical signal is not restricted to optical signals 
having wavelengths which are visible by the human &ye. The optical signal may comprise 
spectral compon^its in the vtltm violet (UV) and/or in the kifta red (IK) spectral Her^ tbe TR 
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spectral raagd may coinpiise tlte near infirm red 

fiequmcy above I THz, and all intermediate wavelengths as well. 

Accoxding to the invention the principal component is not limited to a pine 
principal component Here« a pure principal component refers to a mathematically exact 
S ^gravector for a certain compound. A principal compon^t may also comprise minor 
contributions fiom other compounds may result fiom in:^>6rfectlons during 
dstemiTiing die principal components. A principal component may also cotxespond to a 
mixture of several compounds of Icnown conc^trations. A principal component may 
coirelate witii oi^ or more particular analytes where the term ''cozielate*' may include 
1 0 substantially complete correlatioii or partial correlatiozL The prindpal component may not 
correlate with analytes other than &ese one or more particular analytes where the term ''not 
correlate^' may include substantially no correlation or partial correlation, provided that this 
latta partial coxreladoa is smaller dian the partial congelation with the with one or more 
particular analytes. The spectral weighing function and/or the principal coxzzponent may also 
15 be called a regression vector. 

The spectral weighing function may be obtained by the principal component 
analysis or by any other mathematical orfhogonalisation procedure^ any multivariate analysis 
method, for example partial least square (PLS)» a g^eric algorithm or a neural network. 

The principal component may relate to an electronic, vibrational and/or 
20 vibronic transition of an analyte. The further component may relate to an electronic, 

vibrational and/or vibronic transition of a substance other tiian the analyte. The principal 
component may relate to a Raman spectrum of an analyte. The further component may relate 
to a fluorescence ^ectrum of a substance carrying the analyte and/or of the analyte itself or 
to a fluoresc^ce spectrum of a substance in between the detection volume and the detector 
25 sudi as human skin tissue or optical elements* 

The MOE may have a spectral weighing function which is adjustable. 
In an embodiment the optical analysis system fbrther comprises a dispersive 
element such as, e.g., a grating or a prism for spectrally di^ersing the optical signal, the 
MOE being arranged to receive the disp^ed optical signal, In such an optical analysis 
30 system different regions of the MOE recdve different spectral portions of the optical signaL 
For instance one r^on may receive e.g. the blue spectral portion and anotiier region may 
receive the red spectral portion. A spectral portion may be d^Sned as a range of wavelengths. 

The reflectivity of these regions may be adjusted per region to obtain the 
spectral weighing function. This may be more accurate and less complicated than designing 
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the spectral reflectence of flie MOB fcno\m in the prior art whidi is an interfference filter. In 
the known MOE all spectral portions are incident on the same region of the MOB. ic is then 
relatively complicated and difficult to obtain the required reflectance for all ^ectral portions. 

MOE may comprise a region ibr receiving a spectral portion of the 
5 dispersed optical signal, the region having a refleetiviiy reUdng to the spectral weighing 
function. The reflectivity of the satire r^^n may be adjusted such that the spectral 
component incid^ on this rpgion is weighed according to the spectral weighing fhnction. 
Di£Ferent regions corresponding to di£Ebrent spectral components may have difEbrent 
reflectivities according to tiie spectral weighing function. The reOectivity of the entire region 
1 0 may be constant which allows for a relatively single way to adjust it. e.g. by controlling the 
thickness of a reflective metal coating on a surface constituting the region. The reflectivity of 
the entire region or of only apart of tiie region may be adjustabre. Hie region may comprise a 
number of parts which each have an individually adjustable reflectivity. Embodiments of 
MOBs witii an adjustable reflectivity are given below* 
15 Alternatively or m addition flie MOE may comprise a rejpon for receiving a 

spectral portion of flie dispersed optical signal, a part of the region being arranged to reflect 
the diq)€rsed optical signal incidmt tha^n to the detector, another part of the region being 
arranged to prevent tiie disposed optical signal incident thereon fiom being reflected to the 
detector. In this case tixe region comprises two parts, one part reflects tiie spectral portion 
20 incident on this part to tiie detector, the other part prevents that the spectral portion incident 
on this latter part is reflected to the detector. The latter part may be absorbed or reflected 
elsewhere, e.g. to a beam drnnp. The latter part may be at least partty be detected by an 
additional detector, e.g. for calibration of file emission intensity or vravelengfh of a light 
source in a spectroscopic system. The relative intensity of the spectral portions incident on 
25 the respective parts and the reflectivity of the part reflected the optical signal to the detector 
determine the weighing of tite optical signal in the respective spectral portion. 

Such a MOE has the advantage of a relatively higji contrast because only 
relatively firnan amounts of light iyifti^ftpt on the part may not reach the detector whereas only 
relatively small amounts of light inddent on the otiier part may still reach the detector. These 
30 unwanted processes are mainly determined by the optical quality of the reflecting sux&ces. 
The quality of these $urfiaces may be well controlled at relatively low cost Furtbemiore, the 
reflectivity is relativdy insensitive to the polarization state of the li^t 

The word ''arranged'' may imply tiiftt the part and the other part may be 
arranged pennanentiy e.g. by forming a structured reflective surfhce as ^own in and 



19/12 '03 VEN 15:34 [N** TX/RX 5211] 



PCT/13 0 3 / 0 6 0 8 9 

6 

described with reference to Figs. 1 1 A and 1 IB, but it is not restricted to this. Ii may also 
imply that the region comprise a tiltable reflective sur&ce« Depending on the position of the 
tillable reflective surfece the spectral portion incident thereon may be reflected to the detector 
or may be reflected elsewhere such that it is not detected, e.g. to a beam dump. In this way 
5 the spectral weighing function may at least panly be ac^usted by the position of the tiltable 
reflective suxfiice. In one tilt position it may be oriented such that it reflects tiie spectral 
componeatf inoidCTt diereon to the detector, in anotiier tilt position it may be oriented such 
that it reflects the spectral component incidrat thereon away fiom the detector. 

When the tiltable reflective sur&ce is part of a relatively small tittle 

10 element, the switddng time of ttie tiltable sur&ce. Le. the time required to direct flie reflected 
light to or away flom the detector, maybe relatively short The reflective suif^e may have a 
size of e»g. 10 micron by 10 micron, and may have a distance of 14 micron to the a<y aoent 
reflective sur&ce^ if present The switching time maybe in the order of 20 microseconds. 

The region may comprise more tiian one tiltable sur&ce each of whidi may be 

15 individually tiltable. In this way the relative amount of the spectral portion to be reflected to 
the detector may be adjusted by ori^rting a respective number of tiltable sux&ces such that 
they reflect the qjectral component incident hereon to the detector. The higher the number of 
tiltable surface the higher the accuracy with which the spectral weighing function may be 
adjusted. 

20 The spectral weighing for a certain spectral portion of the optical signal may 

be esjcecuted by one cell. The cell may be switched between a position in which the spectral 
component incident thereon is reflected to the detector, and a furflier position in which the 
spectral component inddmt thereon is reflected elsewhere. The spectral weighing is then 
determined by the time the cell is in the position versus the further time in which it is in the 

25 further position. In other words, the amplitude of the spectral portion is detemiined by the 
doty cycle of die celL The detector may awnpxise an integrator to integrate the signal over a 
certain time period wMch may be the time plus the &rther time. 

The MOB may comprise two or more regions, each region being arranged to 
receive a respective spectral portion of the optical signal and each region comprising at least 

30 one ttUable reflective sur&ce. In this way the q)ectral weighing function may be adjusted in 
the two respective wavekngCh ranges. The reflectivity may be relatively independent of the 
wavelength, as is known for e.g. metal, semiconducting and/or dielectric sur&ces of single or 
multiple layers. The reflectivity of the region may then be aigusted relatively easily by 
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adjusting the surface ar^ of the part and the otiier part It is not required to account for the 
change of the reflec^vity as fimction of the wavelength due to the achiomaticity. 

Tlie MOB may compxise an atray of individually tiltable reflecting sur&ce. 
The tiltable reflecting sur&ce may be part of a tittable elemenL The tilt of each of the 
5 elements may be induced by applying an electrostatic potential difference between the 
element and an electrode &cing the element Such an array may be a digital mirror device 
(DMD) as described e.g. in the article ^TSmeiging Digital Micromitror Device pMD) 
AppKcations*' by D, Dudley, W.M, Duncan, J. Slaughter, Proceedings of SPIE 4985, p. 14-25 
(2003). 

10 The region may coxnprise a reflective liquid crystal (LC) celL Such a cell 

con]|>rise$ a layer of LC molecules which may be at least pardy be orientated by q>plying an 
electcic field. The layer of at least partly oriented LC molecules has an anisotropic index of 
refraction such as an ordinary index of refiaction along an ordinary axis and an esctraordinary 
index of refiracHon along en extraordinary direction^ where the ordinary index of refisction is 

15 different fiom the extraordinary index of refraction. When light with a polarization direction 
di£ferent to the ordinary direction or the extraordinary direction passes through this layer, the 
polarization state of the li^t is altered la a reflective LC cell the layer of LC molecules is 
located in front of a reflective surfece such that the Ugjit passed through the layer is reflected 
back to pass through the layer once more. Prior to passing the li^ through the layer of LC 

20 molecules flie polarization state of the li^t may be adjusted by a polarizer. The change in the 
polarization state of light may be measured by passing the li^t aft^ the dual pass throu^ 
the layer of LC molecules flirough an analyzer. The polarizer may be used as the analyze. 

The amount of tbe spectral portion incident on the LC cell which is detected 
by the detector may be adjusted by adjusting the orientation of the LC molecules. In other 

25 words, the spectral weighing function may at least partly be adjusted by applying a voltage to 
the LC cell and thereby orientmg the LC molecules. 

Reflective LC cells are well known in the art as such and may be obtained for 
a relatively low price. They allow for an adjustable reflection without-requiring moving parts, 
The orientation of LC molecules may be relatively slow such as in the order of sevo^l 

30 milliseconds. 

The regjon rxiay comprise xnore than one reflective LC ceU each of ^'^d^ 
be individually adjustable. The amount of the spectral component reflected to the detector 
may be a^usted by adjusting the voltage ^plied. Alternatively, the relative amount of the 
spectral portion to be reflected to &e detector may be adjusted by providing a respective 
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number of reflective LC cells with a voltage such that they reflect the spectral conq)onent 
incident thereon to the detector and the remaind^ of the cells with a voltage such that they 
substantially do not reflect the speooal con^nent incident thereon to the detector. In such a 
scheme a digital rather than an analog voltage control may be used which reduces the costs of 
5 the electronics required, The higher the number of reflective LC cells the higher tiie accuracy 
with which the spectral weighing fimation may be adjusted. 

The MOB may comprise two or more regions, each region being arranged to 
receive a respective spectral pordon of the optical signal and each region comprising at least 
one reflective LC celL In this way the spectral weighing function may be adjusted in the two 

10 respective wavelCTgOi ranges. For LC molecules the anisotropic ind^ of re&action may 
d^end relatively strongly on tiie wavelengtfi of tiie light This effect is to be accounted for 
when a^^usting die voltage whidi may conqslicate the control of such a MOB. 

The MOB may conapzise an array of individually controllable reflective LC 
cells. The LC cell may be a LC on silicon CE^oS) cell. The MOB may comprise an array of 

IS LCoS cells as described e.g. in US-5,486,48S, and in the articles '"Higb resolution and bright 
LCD projector with reflective LCD panels*" by F. Sato, Y. Yagi, K. Hanihaia^ SID 
International Symposium, Boston (USA) (1997), Digest of Technical Papers XXVm 997, 
"Single crystal silicon for high resolution displays" by PM. Alt, Proceedings of the 17th 
Intemationel Display Research Conference, Toronto (Canada) (1997) M-19 and "Single 

20 panel reflective LCD projector*' by LA. Shimizu, Proceedings of SPIE 3634 (1999) 197. 

The region may comprise a reflective electro-wetting celL Such a cell 
comprises an absorbing liqitid which is arranged to absorb the incident li^t. The absorbing 
liquid is conq>rised in a cell which comprises a stir&ce which nuy be wetted by the 
absoibing liquid. It further comprises an electrode for applying a voltage between the 

25 electrode and the absorbing liquid. By applying such a voltage the wetting properties of the 
sur&ce may be altered In this way the absorbing liquid may be moved such that it 
substantially covers tiie sur&ce or such that the refleciing sur&ce is substantially &ee fiom 
the absorbing liquid. The cell fiirther comprises a reflective sur&ce which may be the sur&ce 
being wetted by the absorbing liquid or which may be situated downstream this sur&ce in the 

30 path of the iocidmt lij^t When &e reflecting sur&ce is ^substantially fiee fiom the absoxbing 
liquid tiie li^ is reflected whereas it is absorbed when the reflecting sur&ce is substantially 
covered by the absorbing liquid, hi odier words» the spectral weighing flmction may at least 
pardy be adjusted by ajpplying a voltage to the electro-wetdng cell and thereby positioning 
die absorbing liquid 
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Reflective electro-wettmg cells die well known in the art per se, see e.g. the 
article ^^deo-speed electronic paper based on elecm-wetting" by R.A. Hayes and B J. 
Peensfra, Nature 425, p. 383-385 (2003). They allow for an adjustable reflection without 
requinxig moving parts. The movement of the absorbing liquid may be fast^ than the 
5 orienlBtion of die LC molecules. 

The re^on n^y comprise more than one reflective electro'^wesing cell each of 
which may be individually adjustable. The amount of the spectral component reflected to the 
detector may be adjusted by adjusting the voltage applied. Alternatively, the relative amount 
of die spectral portion to be reflected to die detector may be adjusted by providing a 

10 respective numbn of reflective electro-wetting cells with a voltage such tiiat tbsy reflect the 
^>ecttal component incident thereon to the detector and the remainder of die cells with a 
voltage smdh that they substantially do not reflect the ^ectral component incident thsreon to * 
the detector. In such a scheme a digital rather than an analog voltage control maybe used 
which reduces the costs of the electronics required. When the cell is not switched during the 

15 spectral analysis the fbUowiag holds: the higher the number of reflective electro-wetting cells 
illuminated m a certain spectral range, the higher the accuracy with which the spectral 
weighing fimction may be adjusted in this spectral range. When Uie cell is switched during 
the spectral analysis* the amplitude of the reflected ^ectral portion of the optical signal may 
be determined by the duty cycle. The accuracy is then detemained by die accuracy with which 

20 the cell may be switched. 

The MOE xnay comprise two or more regions, each region bemg arranged to 
receive a respective spectral portion of the optical signal and each region comprising at least 
one reflective electro-wetting ceU. In tiiis way the spectral weighing fimction may be adjusted 
in the two respective wavelength ranges. For absorbing liquids known in the art of electro- 

25 wetting cells as such the absorption may depend relatively weakly on the wavelength of the 
Hg^ The reflectivity of the region may then be adjusted relatively easily by adjusting the 
sur&ce areas of the part and the odier part It is not required to account £;>r the change of the 
reflectivity as fimction of the wavelength due to this achromaticity. 

The MOE may comprise an axray of individually controllable reflective 

30 electro-wetting cells as described e.g. in the article * Video-speed electronic paper based on 
electro-wetting" by ILA. Hayes and B,J. Feenstra, Nature 425, p. 383-385 (2003). 

In an embodiment die optical analysis system has a first detector &r detecting 
die optical signal weigjited by a first spectral weighing Amotion and a second detector &t 
detecting die optical signal weighted by a second spectral weig^g fimction, the MOB being 
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arranged to reflect a first part of the dispeirsed optical signal weigjsted by the first spectral 
weig^g function to the first detector and a second part of tfie optical signal wei^ied by the 
second spectral wei^nng flmction to the second detector. 

According to ttiis aspect of the invention tiie optical analysis system further 
S comprises a dispersive element for spectrally di^ersing die optical signal, and a distribution 
elem^t for receiving the spectrally dispersed optical signal and for distributing a first part of 
the optical signal weighted by the first spectral weighing function to die first detector and a 
second part of the optical signal wei^ted by the second spectral wei^ng function to the 
second detector. The distribution element may be a reflective MOE. 

1 0 This aspect of the invention has a particular advantage with respect to ijie 

known optical analysis system. In the known optical analysis system a part of the optical 
signal is directed to a first filter which weighs the optica signal by a first spectral weighing 
function, and a fhrther part of the optical agnal is directed a second filter which weighs the 
optical signal by a second spectral weighing function. The signal to noise ratio is relatively 

15 low in the known optical analysis system because a significant part of the optical ^gnal is not 
detected by any of the detectors^ but blocked by, e.g.» the first optical filto- or by the second 
optical filter. For instance, fixe optical signal received by the first optic4 filter comprises all 
information but the first filter transmits only fijat part of the optical signal corresponding to 
the first weighing fimction whsreas the part of the optical signal corresponding to the second 

20 weighing function is blocked by the filter. The light blocked by the first optical filter and by 
the second optical filter is not dei;6cted ^^ch reduces the signal to noise ratio. 

According to this aspect of the invention tiiis redaction of the signal to noise 
ratio is at least partly avoided. To tiiis end the optical analysis system corrq;>rises a dispersive 
element such as, e.gn a grating or a prism for spectrally dispersing the optical signal The 

25 spectrally disposed optical signal is received by a distribution element, i.e. different parts of 
the distribution elemCTt recdlvo H&sreaA wavelengths of the optical signal. For individual 
wavelengths the distribution elemrat is arranged to distribute a first p art of the optical signal 
weighted according to die first spectral weighing fimction to the first detector and a second 
part of the optical signal weighted according to the second spectral wdghing fimction to the 

30 second detector. Thus instead of partiy blocking the optical signal as is done by the first 
optical filt^andthe second optical filter of the known optical analysis system, the differCTt 
parts of the optical signal are directed to diSbrent detectors. As a consequence a larger 
amount of the optical signal is detected, yielding an improved signal to noise ratio* 
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La an embodiment &e principal component comprises a positive part in a first 
spectral range and a negative part in a secoiul ^eotral range, the first part of die optical signal 
weighted by the &st spectral weighing function coiresponding to the positive part, the 
second part of the optical signal weigjtfed by the second spectral weig^g fimction 
5 corresponding to the negative part, the first detector and the second detector being coupled to 
a signal processor arranged to subtract a sigoal generated by the second detector fiom a 
s ignal generated by the first detector» In this embodiment an optical signal comprising a 
principal conrponent having a positive part and a negative part may be analysed with an 
improved signal to noise ratio. Typically, the first spectral range is ftee firom the second 
10 spectral range. 

In anofiier embodimeni the principal component comprises a first principal 
conq>oneiit and a second princq>al component, die first part of the optical signal weigihted by 
the first spectral wei^iing fimction corresponding to ilie first principal component, the 
seccmd part of the optical signal weighted by the second spectral weighing fimction 

IS corresponding to the second principal component This optical analysis system is particularly 
suited &T analyzing optical signals comprising two or more principal components. It provides 
the corresponding amplitudes of the two or more principal componmts with an improved 
signal to noise ratio. 

In yet another ^bodiment the principal component comprises a first principal 

20 component and a second principal component, and the first principal component and/or the 
second principal component comprises a positive part in a first spectral range and a negative 
part in a second spectral range. 

It is advantageoxis if the distribution element has a surface fbr receiving the 
spectrally dispersed optical signal, the surface comprising a first set of surface elements and a 

25 second set of surface elements, the surfiace elements of the first set being arranged to 

distribute the spectrally dispersed optical signal to the first detector^ the surface elem^ts of 
the second set being arranged to distribute the spectrally dispersed optical gfgna l to the 
second detector. In this embodimaxt, each sur&ce element receives depending on its position 
and its surfice area a certain portion of the spectrally dispersed optical signal The first 

30 weighing fimction is then determined by fiie positions and the sur&ce ai^ of the sur&ce 
el^oients of the first set, and the second wei^iing fimction is determined by the positions and 
the surface areas of the surj^e elements of the second set The spectrally dispersed optical 
signal received by the sur&ce may be reflected and/or difSracted by die sur&oe. 
Alternatively, it may be transmitted and refiracted and/or diffracted. 
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This embodiment has the advantage t>iftt the distributLon element can be 
manufactured relatively easily by, e.g», using a trajisparent substrate such as e^g, glass 
substrate which is provided with sur&ce elements by etching and/or polishing. Altematively, 
the substrate may be manu&ctured using an appropriately shaped mold. An ^dditi^rtfli 
S advantage of a transparent substrate is that die toss of the optical signal is relatively low. 

It is advantageous if the dispersive element is arranged to disperse the optical 
signal in a dispersive plane and fiie optical analysis system finther comprises a focusing 
memb^ &r focusing &e dispersed optical signal, the focusing member having a first focal 
distance in the dispersive plane and a second focal distance in a plane petpendicolar to 'die 

10 disp^ive plane^ the &st focal distance may be different fiom fte second focal distance, the 
focusing member being arranged to focus the dispersed optical signal in .the dispersive plane 
on the distributLon el^nent In this embodim^t the spectrally d^spei^ed optical signal is 
focused on the distribution element such that the different spectral components of the optical 
signal are receive by different, nmtoally weU separated portions of the distribution element. 

15 It is then possible to selectively distribute diflferraat wavelengths to different detectors. 

hx this embodiment it is further advantageous if the optical analysis system 
further comprises a furthCT focusing member for focusing the first part of the optical signal 
on the first detector. This allows one to use a first detector having a relatively small area for 
detection area for efficiently detecting the first part 

20 For an efficient detection using detectors with an even smaller detection area it 

is advantageous if the optical analysis syst^ finlher comprises a fixrther dispersive el^nent 
for spectrally recombining the first part of the optical signal prior to focusing the first part on 
the first detector. The first part of the optical signal distributed by the distribution element is 
in principle still spectrally dispersed which limits the possibility to focus the first part to a 

25 small detection area. By using a flutiier dispersive element^ the first part of the optical signal 
is spectrally recombined which allows for focusing it to a smaller area. Therefore, a smaller 
first detector placed in fiiis focus can be used. Alteixutfively, apin hole or ^>erturemay be 
placed in this focus to implement a confocal detection sch^ne. 

A MOE may comprise a first MOB wei^iing the optical signal by a first 

30 partial weighing functicm in series with a second MOE for weighing the optical signal 
weighed by the first partial weighing function by a second partial weigjiing function. By 
combining two s^arate MOEs in sraies tiie amplitude of the optical signal may be adjusted 
independent firom distributing the weighed optical signal to the first detector and the second 
detector, respectively. For instance, the first MOB may adjust The amplitude of the optical 
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signal in one or more speotral ranges, Le. it may weigh the optical signal by a first partial 
weig^iing fiinotion. The second MOE may receive the optical signal weired by the firsx 
paznal wdgbing function and distribute it to the fiist detector and the second detector in a 
relative ratio det^ixuned by the second partial wei^iing function. The fizst spectral weigjung 
S function and liie second spectral weighing Amotion are then aproduct of the first partial 

wei^>ing fimction and the respective part of the second partial wdgihing fimctiotL In this way 
the simultaneous weighing of an optical signal by a first spectral weighing fhnction and by a 
second spectral weiring fimction may be achieved, even whra using an adjtistable MOB 
and/or when the first spectral wei^nng function and the second spectral wei^iing £bncti(Hi 

1 0 partly overlap. It is tiien possible that in a particular spectral range the amplitudes of the 
optical signal weigjied by tiie first spectral weighing fimction and of the optical signal 
weighed by the second spectral weighing function may be smaller than the amplitude of the 
entire optical signnl. 

Alternatively, the first MOB and the second MOE may be iuterchanged, Le. 

IS the first MOB may distribute the optical signal towards the first detector and the second 
detector according to the first partial weighing function. Subsequently, the portions of the 
optical signal thus obtained may be weighed according to the second partial wd^iing 
fimction by the second MOE« 

The MOE comprisiiig two MOBs in series is efficient and has a hi^ signal-to- 

20 noise ratio which incareases the sensitivity and decreases the time required to determine tiie 
amplitude of the xmncipal componenL This advantage may be obtained in particular when the 
optical analysis system has two detectors fbr detecting fiie optical signal weighed by a first 
spectral weighing fimction and by a second spectral weighing fimction^ respectively. Hie 
advantage is obtained Sar reflective MOEs according to the invention, but not restricted to 

25 this type of MOBs. It is also obtained &r otibier MOEs which may be operated in transmission 
rather than in reflection. The first MOB and the s econd MOB may have different woridng 
piindples such as one being reflective^ the ofha being transmissive, they may have differ^t 
dynamic ranges and/or difiEkrent spectral resolutions. The first partial wei^iing fimction 
and/or the second partial weighing function may be fixed or adjustable. Different parts of a 

30 single device may be used as first MOE and as second MOE. 

The optical analysis systMi may further comprise a light source for providing 
light for iUim i in at ing a sample comprising a substance having a concentration and tiiereby 
generating the principal con^onent The amplitude of the principal component may then 
relate to the coaceniration of the substance. Hie relation may be a linear rdation between the 
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• ampKtude and iheconcenliation. Such an optical analy^ 
analysis system. 

The optical analysis system according to die invention may be part of a blood 
analysis system ananged to analyze" a sample comprising blood. The sample may be in-vivo 

5 blood, Le. stiU contained in a human or an animal, or in-vitro blood, i.e. blood extracted from 
a human or an animaL The analyte may comprise one or more elements selected from e.g. 
glucose, lactate, glyoohemoglobhi CHbAlo). hemoglobin, hemaiocrit. cholesterol (total. 
HDL. LDL), triglycerides, urea, albumin, creatinin, oxygenation. pH, bicaibonate, and many 
o&ers. The principal component may comprise the Raman spectrum of the one or more 

10 elements. The further component may comprise Ihe fluorescence spectrum of fee xn^ 
which the one or more elanents are dissolved or contained The medium may comprise 
water, or animal skin tissue, optical elements in the Ughfpafli, and/or immersion 



15 

These and other aspects of the optical analysis system, the blood analysis 
system and the method of analyzing an optical signal according to the invention will be 
further elucidated and described with refeenoe to the drawings, in which; 

Fig. 1 is a schematic diagram of an embodnneat of the blood analysis system; 
20 Figs. 2A and 2B aie spectra of the optical signal generated from blood in the 

skin and from a sample comprisitig one analyte in a solution; 

Fig. 3 is a spectral wagjnng fhnction implemented in a MOB; 

Fig. 4 is a schematic diagram of an embodiment of the optical analysis system; 

Figs. 5 A and SB are schematio diagrams of the spectral filter of Fig. 4 in the x- 

25 z plane and the y-z plane, respectively; 

Figs. 6A and 6B are sdxematlc diagrams of another embodiment of the optical 
analysis system in the x-z plane and the y-z plane, respectively; 

Fig. 7 is a schematic diagram of anothor anbodiment of fee optical analysis 

system; 

30 Figs. 8 A and SB are schematic diagrams of another embodunent of the optical 

analysis q^tem in the x-z plane and the y-z plane, r^ectrvely; 

Fi^- 9A and 9B are schematic diagrams of yet another embodimmt of the 
optical analysis system m the x-z plane and the y-z plane, respectively; 
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Figs. 10A» lOB and IOC are schematic diagrams of yet another embodiment of 
the optical analysis system in the x-y plane, the y-z plane and the x-z plane, respectively, 

Figs. 1 1 A and I IB are schematic diagrams of yet another embodiment of flie 
optical analysis system in the x-z plane and the y-z plane, re^ectively: and 

Fig. 12 is a cross sections of an embodiment of the distribution element 



Inlbe embodim^t shown in Fig. 1 the optical analysis system 20 for 
detennining an amplitode of a principal component of an optical signal comprises a light 
source 1 for pwviding 1ig^^ ^i^nmi'natitig a cample 2 comprida^ a sobstance having a 
concentration and thereby generating the principal conq?onent. The anqplitude of the principal 
component relates to the concentration of the substance. The li^t souioe 1 is a laser such as a 
gas laser, a dye laser and/or a solid state laser such as a seroicondactor or diode laser. 

The optical analysis system 20 is part of a blood analysis system 40. The 
saxnple 2 comprises skin with blood vessels. The substance may be one or more of the 
following analytes: glucose, lactate, cholesterol, oxy-hemoglobin and/or desoxy-hemoglobin. 
glycohemoglobin ^Alc), hematocrit, cholesterol (total, HDL, LDL), triglycerides, urea, 
albumin, CTeatinin, oxygenation, pH, bicarbonate and many ofliers. The concentrations of 
these substances is to be determined in a non-invaave way using optical spectroscopy. To 
this end the light provided by the light source 1 is sent to a dichroic mirror 3 which reflects 
Ihe light provided by the li]^ source towards the blood vessels in the skin. The light may be 
focused on the blood vessel using an objective 12. The light may be focused in the blood 
vessel by using an iTnag'Tig and analysis system as desraibed m the intanational patent 
^pfication WO 02/057759. 

By interaction of the lii^t provided by the Ugbt source 1 with the blood in the 
blood vessel an optical signal is g^ierated due to Raman scattering and fluorescence. The 
optical signal thus generated may be collected by the objective 12 and sent to the dicbiolc 
mirror 3. The optical signal has a difEerent wavel^igth than the light provided by the 
source 1 « The dichroic minor is constructed sudi that it transmits at least a portioxx of the 
optical signaL 

A spectrum of the optical signal generated in this way is shown in Fig. 2A. 
The spectrum comprises a relatively broad fluorescence background FBG and relatively 
narrow Raman bands RB. The x-axis of Fig. 2A denotes tiie wavelength shift with respect to 
the 785 nm of the excitation by light source 1 in wave numbers^ the y-axis of Fig. 2A denotes 
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the intrasity in arbitrary units. The x-axis coiresponds to zero mt^isity. The wavelength and 
the intensity of the Raman bands, i.e. the position and the height, is indicative for the type of 
axialyte as is shown in &e sample of Fig. 2B for the analyte glucose which was dissolved in 
a concentration of 80 niMol in water. The solid line of Fig. 2B shows the spectrin of both 
S glucose and wat^, the dashed line of Fig. 2B shows die difference betwem the spectrum of 
glucose in wdt&r and the ^ectrum of water without glucose. The amplitude of ttie spectrum 
vnlh these bands is indicative for the concentration of the analyte. 

Because blood conqnises many compoimds each having a certain spectrum 
which may be as ccmiplex as lhat of Fig. 2B. the analysis of the spectrum of the optical signal 

10 is relatively complicated. The optical signal is sent to die optical analysis system 20 

accorduig to the invention where the optical signal is analysed by a MOB which weighs tiie 
optical signal by a weighing function shown e.g. schematically in Fig. 3, The weigjung 
fimctioii of Fig- 3 is designed for glucose in blood. It comprises a positive part P and a 
negative part N. The positive part P and the negative part N each comprise in this example 

IS more than one spectral band. 

Li the embodiment of the optical analysis system 20 shown in Fig. 4 the Kght 
&om the sample 2, i.e. the optical signal to be analyzed is split by a beam q>littsr 22 and sent 
to spectral filters 4, 5 shown in detail in Fig. 5 A. The spectral filters 4» S are arranged to 
detect the optical signal weighed by the positive pan and Ihe negative part of the spectral 

20 wei^iing function, respectively^ hi the spectral filters 4, 5 the optical signal is directed to a 
dispersive element 6 which is a grating. The grating may partly reflect the optical signal 
specularly as is indicated by refer^ice num^al 7, The di^ersive element 6 at least partly 
diffracts the optical signal. Due to the difBraction the optical signal is spectrally dispersed and 
the difPerCTt spectral components leave the grating under difiTerent angles. For illustration 

25 purposes this is depicted by rays 8 and 8' for two d^<»«it wavelengths. 

The dispersed optical signal is focused by a focusing member 9, which is a 
lens but nmyaheinatively be a focusing iniiTor, onto the MOE 10 which is a DMD. It 
consprises an array of tiltabia elemsots each having atiltable reflective sur&ce. The distance 
fix)m1he dispssive element 6 to the focusing member 9 equals the distance fnom the focusing 

30 member 9 to Ihe MOB 1 0, which both correspcmd to die focal distance of the focuraig 
member 9. 

Here and in the reamainder of diis application the distance between a focusing 
member and another optical element is defined as the distance along the optical axis between 
the main plane of the focusmg member and the plane of tiie other optical element. 
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When the fiKaising member has two main planes, as is the case e.g. for a thick leas, the main 
plazie which is closest to the oth^ optical element is to he used. When part of the space 
between the fidcusing metober and tiie oth^ optical element conqirises a medium with an 
index of refraction difi^cCTt fiom l/the optical distance, Le. the geometric distance times the 
5 index of refiaction is to be used. 

The differrat spectral components portions of the dispersed optical signal are 
fi>cu5ed on di£&rent regions of the DMD along the x-dizection as illustrated for two particular 
wavelengths by rays 8 and B\ The DMD is oriented such ftat it reflects the optical signal out 
of flifi x-2 plane eitber into the positive or the negative y-direction, i.e. each tiltable element 

10 of tihe DMD is tiltable around an axis parallel to the x-axis. A part of the region, i.e. a part of 
these elemesats is arranged to reflect the dispersed optical signal incident tiiereou to the 
detector 1 1 , The corresponding tiltable reflective surfaces are oriented such that the 
respective reflections are directed to the detector 11. Another part of the region is arranged to 
prevent flie dispersed optical signal incident tiiereon from being reflected to the detector 1 L 

15 The corresponding tiltable reflective surfaces are oriented such fliat the respective reflections 
are directed to a beam dump. This is shown schematically in Fig, 5B. The reflections are 
focused again by the focusing memb^ 9 and subsequently the optical signal reflected by the 
elements is detected by the detector 1 1 which is photodiode. Altaaiatively, any other detector 
suitable for providing an electrical signal in depend^e of the intensity of the weigjied 

20 optical signal may be used. The detector is positioned at the same z-position as Oie grating 
but dther above or below the grating, i.e. at a different y-position. This is a telecentric 
design. 

In the embodiment of Fig, 5B theMOE 10 is aDMD and substantially the 
entire surfece is composed of tiltable reflective surfeces. Alternatively, apart of the surface 

25 or even the entire surface may be formed by reflective sur&ces which are not tiltable but 
fixed. An example of fliis will be given below with reference to Figs^ 1 1 A and 1 IB, 

In the embodiment of Figs. 4, 5A and 5B the MOB has two fimctions: it 
dumps tiiose parts of the dispersed optical signal that should be measured by the other 
spectral filter, and it introduces the appropriate amplitude, i.e. gray scales for every 

30 wavelength for tJiose parts of the dispersed optical signal tiiat should be measured by this 
spectral filter. The amplitude adjustment may be done by fest repetitive tilting reflective 
surfaces between tiie signal path and the dump path, analogoxisly to a DMD-based light valve 
as used e.g. in projection devices or displaj^, 
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A computalional element 19 shown in Fig. 1 is axranged to calculate tiie 
difference between tiie positive and negative signal. This difference is proportional to the 
amplitade of tbe principal component of tiie qptical signal. The ainplitade of the principal 
component relates to the concentration of the substance, Le. of the analyte. The relation 
S between the ansplitode and &e concentration may be a linear dependence. 

When tbR principal component comprises only a positive or only a negative 
component; only one spectral filter, one MOE and one detector may be used. 

The embodimoit of Figs. 4, 5A and 5B has the advantage that it is relatively 
simple to align the beam path- In this embodiment part of the optical signal is lost in the 

10 spectral filters 4, 5 by first splitting the optical signal by the beam splitter 22. E.g. those parts 
of the optical signal which correspond to the positive part of the weighing function are 
dumped in the spectral filter that measures the optical signal w^ghed by the negative part of 
the weighing function. The same holds for the optical signal which correspond to the 
negative part of the weighing fimction and which is dimiped in the spectral filter that 

1 S measure the optical signal wd^d by ^e positive part of the weigbing function. In this 
embodiment two gratings 6 and two MOEs 10 are used. However^ two separate optical paths 
using one and the same dispersive element 6 and/or one and the same MOE 1 0 are feasible as 
well» see e.g. Figs. 8 A and SB. 

In the embodiment of the optical analysis systan shown in Figs. 6A and 6B 

20 the optical signal is not split by a beam splitter to separately spectrally filter the positive part 
and the ne^tivepart of the optical signal Therefore^ no optical signal is unnecessarily lost at 
the MOE and the optical signal is effectively used. Furthermore^ only one grating and one 
MOB is used. The general idea is not to split the optical signal be&ie it is incident on the 
disp^ve elemaxt 6, but to do tibis aftecwards, e.g. whm the dispersed optical signal is 

25 mddent on the MOE 10, Instead of dumping one of the two reflections ofE'fiie MOB, both 
reflections are used and collected by a focusing member 9 analogously to Fig. 5A and SB. 
One of these r^ections composes the q>eccral components of the positive part P of the 
spectral weigfhing function^ the other reflection conq)rises the spectral corsponents of the 
negative part N of tiie spectral wei^iing fimction. Because the optical signal is first spectrally 

30 dispersed, the different spectral components are incident at difG^^t positioris» in the example 
of Figs, 6A and 6B at difif^ent x-positions. on the MOB 10. Therefore^ the splitting into the 
positive part and the negative part may be done without loss of parts of the optical signal 

In tiie embodimmt of Fig. 6A and 6B the optical signal has a beam diameter 5 
innL The beam is first spectrally dispersed by the dispersive element 6 which is a grating 
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having for a particolar wavel^igth a di£Braction angle of 11 degrees off the optical axis» i.e« 
off the z-axis., m the dispersive x-z plane. &i the non-dispersive y-z plane Ihe beam position 
is not altered by the disp^ve elemrat The optical signal incident on the gratmg comes from 
the sample 2 and propagates in the x-z plane. The dispersed optical signal is focused by the 
5 focusing member 9 onto the reflective MOE 10. In the example of Figs. 6A and 6B the 
focusing member 9 is a lens having a focal distance of SO mm. One ray is shown for one 
particular wavelength T?^ch is focused on one particular region of the MOE 10. Other 
wavelengttis, not shown in Figs. 6A and 6B are difi&acted at a differ^it angle off flxe 
di^ersive element 6, but flie corresponding rays, after the various reflections and refiactions 

10 described below, all arrive at the same position, in this example at (x^z) = (0,-120) mm. The 
oth^ wavelengths, not shown in Figs. 6A and 6B are focused on other regions of flie MOE 
10. Depending on whether a particular wavelength is cotoprised in the negative part N or the 
positive part P of the spectral weighing fimction the part of the MOE receiving &is 
wavelength reflects it to one of the two folding minors 23P for tiie positive part P and 23N 

15 for the negative part N. On the path to the respective folding inixior23P or 23N&e 

corresponding ray is recoUimated by focusmg member 9. The folding mirrors 23P and 23N 
are positioned at (y^ » (+/-22 mm,- IS mm) and rotated by 6 degrees in the y-z plane. The 
folding mirrors 23P and 23N direct the lig^ incident theceon via ihe focusing member 9 to 
other regions of the MOB 10. Ihthe exan^le of Figa. 6A and 6B these latter regions are at 

20 positive and negative y-values, respectively, whereas the region of the MOB 10 which 

reflects tiie optical signal the first thne is at y«0. Instead of three di£f^»nt regions of one and 
. die same MOB two or tiaree dissent MOEs may be used. One, two or all of the MOBs» if 
two or three MOBs are used, may be operated in reflectiw or in transmission. In the example 
of Figs, 6A and 6B a single DMD is us^ as a flexible^ i.e. adjustable MOE. The DMD has 

25 tilitable elements widi a reflective surface. The elements may be each tilted by deflection 
angles of plus or minus 12 degrees m y-z plane. In other words» the MOE is Uluminated at 
three different regions: first central stripe close to y=0 and extending along die dispersive x- 
direction is iUummated for splittmg positive and negative spectral parts. Subsequently, a 
stripe above this central stripe, Le. at positive y-value$ and again extending along die 

30 dispersive x-directim is illuminated for introducing the required amplitude or grayscales for 
e.g, the positive part and a stripe below Mb central stripe, i.e. at negative y-values and again 
extending along the dispersive x-direotion is iUuminated for mtroducing the required 
amplitude or grayscales for e.g, die negative part 
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This time, flie MOE introduces the ^propriate amplitude for eadi spectral 
component, i.e, it spectrafly gray scales the optical signal aocoiding to fiie spectral wei^g 
fijnctian,-in a similar feshion as in the embodiment of Figs. 4, 5A and 5B. For each spectral 
portion of the optical signal flus adjustment of the anq)litude is perfonned at a dedicated 
region of the MOE. All Ae light to be detected is captured by flie focusing member 9 and 
directed towards two detectors, one detector UP for flie positive part and one detector 1 IN 
for the negative part By placing detectors 1 IP and 1 IN at (x,y^) = (0,9,-120) and (0,-9,-120) 
mm both the optical signal weighed by the first spectral weighing ftmction and the optical 
signal weighed by the second spectral weighing function may be measured independently. 
The first spectral weighing function and flie second spectral weighing function may 
correspond to Ihe positive part P and flie negative part N of the spectral waghing fimotion 
shown e.g. in Fig. 3. 

The optical analysis syst^ 20 of Figs. 6A and €B is symmetric with respect 
to the x-z plane. 

As shown in Figs. 6 A and 6B, the folding miirors 23P and 23N are not 
positioned ax the same y-^position as the dispersive dement 6. £i this way the positive part 
and ihe negative part may be spatially s^arated thereby allowing for separate detection of 
Hiese two parts. The parameters of Figs. 6A and 6B are chosen such that ligjit paths, for all 
colors and for hoQi positive and negative part, can get around tbB folding mixrors 23P. 23N 
aiKl the diqiersive elemeaat 6 after the second reflection off tbe MOE 10. This design may 
require a focusing member witii a siifiBfiiaitiy large capture ang^e in order not to loose any 
H^. The resulting f-monber of tiie focusing membea: 9 is q^proximstBly F#^l .0. Tbe exact 
value may depend on the angjies of the reflective sur&ces and/or on the dispersive strengOi of 
tiie dispersive element 6. 

In another embodiment shown in Fig. 7, the optical signal enters the optical 
analysis systsca. 20 from a point source 14 which may be, e.g., a pin hole in a oosfocal 
detection scheme. Prom the point source 14 the diverging optical fjignai is directed to a 
dispemve element 6 which is a concave grating &a± images tiie dispersed optical signal on 
Ihe MOB which noay be a DMD. Ja a first step, the necessary gray scal^ are applied to the 
spectrum by switching the tiltable elements with an appropriate duty cycle. For eadx spectral 
portion the undesired ftaction of the ligjit is reflected towards a beam dump 18. The spectrum 
having the desired ^ctral intensities is reflected towards a fbrther focusing member 29 
which is a concave minor. This minor refocuses the spectrum to another part of the DMD. 
At the second reflection off the DMD, the spectrum is spUt into a fiist component and a 
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second component which may coir^pond to the optical signal weired by the positive part P 
and the negative part N of the spectral weighmg function, respectively. The two components 
are then directed towards two detectors 1 IN, 1 1P» This may be achieved by a dififerent part of 
the first concave grating, a separate grating, or one or more focusing memb^ such as lenses 
5 or mirrors. 

Alternatively or in addition, die fist conq)Onent and the second component 
may correspond to a first principal component and a second spectral component^ respectively. 
In the embodiment of Fig. 7 the dispersed optical signal is focused twice on regions of the 
MOE which are in one line oriented along the dispersive direction of the dispersive client 
10 6. This simplifies the understanding of the principle. In a variation of Ihis embodiment in 
which the MOE may be used more effectively, the two spectra are projected on the MOB as 
two parallel Hnes^ to. one is above or below the plane of Hg. 7, the other ^eotrum may be in 
this plane. 

In the embodiment of Figs. 8A and SB the optical signal is spectrally dispersed 

IS by a difBiactive element 6 which nmy be e.g. a grating or aprism. The reflective MOB may 
be a pixelated element such, e.g.y an aixay of LC cells or of reflective electro-wetdng cells. 
The iiscoming optical signal is first i^lit into two beams of light by using e.g» a 50/50 beam 
splitter, not shown. The beam to be weired by the positive part P of tiie spectral weighing 
function and the beam to be wdi^ed by the negative part N of the spectral wei^iing function 

20 props^te parallel and are incident on a diffiactive elooi^t 6 at dififer^t y-positions, but 
identical x- and z-positions. At the dlf&active element light is spectrally dispersed, i.e. 
different spectral portions of the optical signal are dif&acted by different angles. The 
dispersed optical signal is collected by two focusing mraibers 9N, 9P such as e.g. lenses, one . 
for each incident beam. The distances ftom flie grating to the respective lens 9N, 9P and from 

25 the respective lens 9N, 9? to the MOE 10 are oqasl and correspond to tjie focal distance of 
the lens (telecentric design). The result is that converging pencils of light are normal incidenx 
at the MOE 10 In the x-z plane, for all spectral portions. Different x-positions at the reflective 
MOE 10 recdve different spectral portions indicated for two particular wavelengths by 
tefer^ice numerals 8 and 8*. The MOE 10 is arranged to reflect the incident dispersed optical 

30 signal witii a reflection coefSdent Vi^ch varies as function of the x-position. This introduce 
file appropriate gray-scales that construct the spectral weighiog fUnctioiL 

After reflection offlhe MOB 10, die ligiht is collected by the focusing 
members 9P, 9N and directed towards two detectors, one detector 1 1 P for detecting the 
optical signal weighed by the first spectral weigjbix^ function corresponding to the positive 
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part P of fixe spectral wdghing fimctLon, and one detector 1 IN for detecting the optical signal 
weigjied by tfie second spectral weigjiing function conesponding to tbe negative part N of the 
spectral wei^iing fimction. The optical axes of die two lenses 9P, 9N are parallel but 
displaced in tiie y-direction so that the reflected ofFMOE 10 can be spatially separated 

5 fiom the diffiactive element 6. 

When the reflectivity of the MOB 10 is polarization d^endent as is the case 
e.g. for a MOB comprising a reflective LC cell, the MOE 10 ma often have a limited 
efficiency becaxise it only vvoiks for light with one specific polarization. In the embodiment 
shown m Figs, 9A and 9B an eSBcient optical analysis system 20 comprising an MOE 10 

10 with an array of reflective LC cells is nsed. Before mtering the spectrometer tiie optical 

signal is split into four beams, two wifli a s-polarizarion and two with a p-polaiization. Then 
the beams with p-polaiization are converted to s-polarization, e.g. by a half lambda plate or 
by a sequence of tilted mirrors. These four beams are incident on the disperang element 6. 

Iq this CTibodimrat the MOB 10 is an array of reflective LC cells which each 

IS comprise three elements: a sheet polarizer transmitting s-polarized li^ layer of LC 
molecules, and a reflective surface. Depending on the orientation of the LC molecules 
hidnced by the voltage applied to the respective LC cell part of the ligjit reflected by the 
reflective sur&ce is absoAed by the polazizer. In this way the spectrally dispersed optical 
signalis weighed, 

20 Tbe incoming optical signal is first split mto two beams of li^t by usmg e.g. a 

regular 50/50 beam splitter, not shown. One of these two beams shown by the soUd lines is 
weig^ied by the first spectral weig^iing function corresponding to the positive part P of the 
spectral weighing fimction. the oth» of these two beams shown by the dashed lines is 
weighed by the second spectcal wei^ng function coxresponding to the negative part N of the 

25 spectral weighing fimction. These two beams propagate parallel. 

Each of these beams is split into two beams having different polarizations, e.g. 
one being s-pol2rized> the other being p-polarized. One beam shown by a tiuck line has a 
polarization direction that is transmitted by the sheer polarizer^ i.e. in this example s- 
polarization. The polarization of this beam is not changed prior to the dispersive element 6, 

30 The other beam shown by a thin line has a polaxization direction that is absorbed by the sheet 
polarizer, Le, in this example p-polarization. The polarization of this beam is rotated by 90 
degrees prior to the dispersive element 6, for instance by a half lambda plate. The beams 
whose polarization has been changed axe not parallel in the y-direction to the beams whose 
polarization remained unchanged. 
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The four resultiag hoaxns are incident on a dif&active element 6, is a 
grating, at different y-positions, but idaitical x- and z-positions. At the dijB&active element 6 
light is spectrally dispersed. The spectrally dispersed light is collected by two focusing 
members, one focusing member 9P for the optical signal to weighed by the first spectral 
5 weigjxing function which may correspond to the positive part P of the spectral wei^iing 
function, and one focusing member 9N for the optical signal to weighed by the second 
spectral weighing fiinction ^^ch may correspond to the negative part N of flie spectral 
weighing function. The distances from the grating to the respective lens and from the 
respective 1^ to the MOE are both equal and correspond to the focal distance of the 

10 respective lens (telecentric design). 

The result is that the converging pencils of light towards the MOB 10 are 
normal incident on the MOB 10 in the x-z plane, for all spectral portions of the optical slgoaL 
Different jc-positions at the MOE 1 0 lecdve difiSsrent spectral portions. The MOE 10 which 
is a tefieotive pixelated element is ananged to reflect the incident dispersed optical signal 

IS with a reflection coeSidleat which vades as function of the X'-position thereby ixxtroducing the 
required spectral wdLg^iing according to the spectral weig^iiog frmction. After reflection off 
the MOE 1 0, the light is collected by the focusing mraxbers 9P, 9N agakt and directed 
towards four detectors, one detector IIPP for detecting the p-polarized part of the optical 
signal weighed by the first spectral weigjiing function which may correspond to tfie positive 

20 part P of the spectral weighing function, one detector I IPS for detecting the s-polarized part 
of the optical signal wd.gjied by the first spectral weigiung function which may correspond to 
the positive part P of the spectral weighing function, one detector 1 INP for detecting the p- 
polarized part of die optical signal weighed by the second spectral Weighing funiction which 
may. correspond to the negative part N of the spectral weigjiing function, and one detector 

25 I INS for detecting the s-polarized part of the optical signal weighed by the second spectral 
weighing function which may correspond to the negative part N of the spectral weighing 
fimction. 

The optical ax^ of the two focusmg members 9P and 9N are parallel but 
displaced in the y-direction so tiiat the reflected li^t off the MOB 1 0 can be spatially 
30 separated from the diffiactive element 6. 

In anotiier embodiment shown in Figs. lOA, lOB and IOC the MOE 10 
comsxrises an array of LC cells. In contrast to tiie embodiments desraibed above with 
reference to Figs. 4, SA, 5B, 8A, 8B» 9A and 9B the incoming optical signal is not split into 
two beams for &e positive and negative part prior to tiie dispersive element 6 in this 
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embodiment The LC cell used in this embodimmt is similar to that described above with 
reference to Figs* 9A and 96 bat does not contain a polarizer. The result is that substantially 
all, except &r unwanted loss in the layer of the LC molecules, incident li^ is reflected, 
however the polarization direction of the light may be changed due to the anisotropic ind^ 
5 of refraction which may be adjusted by application of a voltage across the LC celL In Figs. 
lOA only one incoming beam with only s-polarized light is shown. The incoming light may 
be unpolarized or partially polarized having e.g. linear or circular polarization. In these cases 
flie incoming beam may be decomposed into two beams having s-polarization and p- 
polarization analogously to the embodiment described with reference to Figs. 9A and 9B. For 
10 r^ons of clarity only a single beam is drawn in Figs. lOA, lOB and IOC. 

In Fig. lOA the incoming li^t is the part of the optical signal having 
polarization, which is parallel to tiie z-axis direction. The incoming light is incident on a 
dispeisive element 6 where the optical signal is spectrally dispersed, i.e. the dififerent spectral 
portions are disposed over diffSsrent angles. The dispersed optical signal is at least partly 
IS collected by a focusing m^nber 9» which is a lens, and focused on a MOB 10 which is an 
array of r^lective LC cells. The distances ftomthe grating to the lens and from the lens to 
the LC cell are equal and coxrespond to the focal distance of the lens (telecentric design). The 
result is that converging pencils of li]^ propagating towards ^e MOB 10 are normal incid^ 
on the MOB 10 in&e x-z plane, for all spectral portions of tiie optical signaL Dif&rent x- 
20 positions of the MOB 10 conespond to different spectral poxtions of the optical signaL 

Between the focusing member 9 and the MOB 10 apolarizing beam splitter 
CPBS) 15 is posxtioned. The incoming s-polarized li^ is transmitted by PBS IS. The airay of 
LC cells contains no polarization filter and, therefore, reflects substantially all the li^t 
incidmt thereozL The polarization direction of the li^t is changed by an amount dq>mdJng 
25 on Ihe voltages across the LC cells. The amount of polarization rotation is determined by the 
absolute vahip of the spectral weighing fonction in the respective spectral range. The light 
reflected from the LC cell is directed to tiie PBS 1 5. The p-component of the light incident on 
the PBS 15 is reflected by tibe PBS 15 and focused by a further focusing member 17 on a 
beam dump 18. The s-component of the light incident on the PBS 15 is transmitted by PBS 
30 15 and incident on a folding mirror 23» The distance from folding mirror 23 to the lens is not 
equal to the focal lengfli of the lens. The light reflected by folding mirror 23 is focused by the 
focusing member 9 on flie MOE 10. Because tiie folding mirror 23 is at a slight angle wifli 
respect to direction of the incident ligbt> the light reflected by the folding miiror 23 reaches 
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the MOE 10 at a different z-position. Also the x-podtion of the ligjit on the IX^-cell (6) is 
reflected with respect to the optical axis compared to the x-position of the first reftectioii. 

For li^t with a wavelengUi oonesponding to positive values of the regression 
vector the polarization is not chang6d by the LC cell. This s-polarized light is transmitted for 

5 the fourth time by the PBS and focused by lens (4) on deteotoif (3>- For light with a 
wavelength corresponding to negative values of the regression vector the polarization is 
rotated by 90 degree by the LC celL This p-polaiized light reflected by the PBS and focused 
by lens (7) on detector (9). 

In this embodiment ttie LC cell does not contain a polarizer. Therefore^ all 

10 light is reflected and only Uie polarization direction of the light may be changed. 

The hacidfint li^t is not on ttie optical axis of the focusing member 9,. 
therefore the incoming remmed ligjat do not overly and it is possible to use the folding 
mirror 23. Preferably the incoming light incident on the focusing member is ofT-axis fix>m the 
optical axis of the focusing memba 9 and substantially p«pendicular to tiie dispersion 

IS direction of the dispersive d^sient 6 to allow for a relatively small 1^ diameter. 

The distance from dispersive element 6 to the focusing member 9 and the 
distance fiom the focusing memb er 9 to die MOE 1 0 may be both equal to the focal length o f 
the focusmg mraiber 9 (teleceatcio design). The result is that the converging pencils of light 
are normal incident on the MOE 10 in tiie x-z plane, for all spectral components. 

20 The distence fiom the focusing member 9 to tiie detector IIS maybe equal to 

the focal length of the focusing member 9. In this case the detector 1 IS may have a relatively 
small area. 

The distance fiom the MOE 10 to the focusing memb» 17 and the distance the 
focusing m»nb^ 17 to beam damp 18 and/or to the detector 1 IP may be each equal to the 
25 focal length of tiie focusing member 9 (telecentric design). 

The distance fiom folding mirror 23 to the main plane of the focusing member 
9 maybe differ^ fiom the focal length of focusing member 9 (non-telecentric design). In 
this way the detector 1 IS may have a different position than the di^ersive elem^t 6> 

In the embodiment shown in Figs. 1 1 A and 1 IB, the optical analysis system 1 
30 conq>rises a furthCT disperave el«:nent 9 for spectrally recombming the first part of the 
optical signal prior to focusing the first part on the first detector 5. Ih tliis embodiment the 
optical signal enters the optical analysis system 1 fiom a point source 14 which may be, e.g„ 
a pin hole in a confocal detection scheme. The optical analysis system 1 comprises a lens 15 
for collimating the optical signal^ and a dispersive el ement 2» which is a j^ting, aiul a 
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focusing metaber 3, wbioh is a cylinder lens. Focusing member 3 is ananged to focus the 
dispersed optical signal on distribution element 4. In this embodimfint distribution dement 4 
shown in Hg. 12 is arranged to reflect the dispersed optical signal back towards the focuang 
member 3 for re-collimation. The re-collima!ted optical signal is tiien still spectrally dispersed 
which limits the possiT>ility to focus it to a relatively small spot aze. To spatially recombine 
the optical signal it is sent to the further dispersive element 9 wiiich ia this embodiment is the 
dispersive element 3, Le, the dispersive element 3 and the further dispersive element 9 are 
integrated in one grating. The spectrally recombined optical sigual weighted by the first 
spectral weighing function and the spectraUy recombined optical signal weighted by the 
second spectral weiring flmction are focused on the firsx detector 5 and die second detector 
6 by lens 15. 

Note that tiie optical designs presented in the fflnbodjments are not the only 
possible design. Besides trivial variations of parameters, other schemes, especially with 
respect to reflections in diffaent directions and different detector positions are conceivable. 
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CLAIMS 



1- An optical analysis system (20) for det^mijung an amplitude of a principal 

compon^t of an optical signal, the optical analysis system coixqprising: 

a multivariate optical dement (10) for reflecting the <^tical signal and hereby 
wei^iing the optical signal by a spectral wd^iing fimction, and 
^ - a dd;ector (11) for detecting the weighed optical .signal, 

2. An optical analysis syst&m (20) as claimed in claim 1» fiixther comprising a 

disp«:sive element (6) for spectrally dispersing the optical signal, the multivariate optical 
element being axianged to receive the dispersed optical signaL 

10 

3* An optical analysis system (20) as claimed in claim 2, herein the multivariate 

optical element (10) comprises a region for receiving a spectral portion of the dispersed 
optical signal, the region having a reflectivity relating to the ^ectral wei^iing function. 

15 4. An optical analysis system (20) as claimed in claim 2, wherein the multivariate 

optical element (10) comprises a re^on for receiving a spectral portion of the dispersed 
optical signal, a part of the region being airanged to reflect Ihe dispersed optical signal 
incident thoreon to the detector^ another part of the region being arranged to prevent the 
dispersed optical signal incident Ihereon fiom bdng reflected to the detector. 

20 

5. An optical analysis system (20) as claimed in claim 4, wherein the part of the 
region comprises a tiltable reflective sur&ce. 

6. An optical analysis system (20) as claimed in claim 3 or 4, whordn the region 
25 comprises a reflective LC cdL 

7* An optical analysis system (20) as claimed in claim 3 or 4. wherein the region 

comprises a reflective electro-wetting cell. 
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8, An optical analysis system (20) as claimed in claim 2, wherein the detector 
comprise a 6zst detector (1 IP) for detecting the optical signal weighted by a first spectral 
weighing fimction and a second detector (1 IN) for detecting the optical signal wei^ited by a 
second spectral weighing function, the multivariate optical elraient (10) being arranged to 

5 reflect a first part of the dispersed optical signal weighted by the first spectral weighing 
function to the first detector (1 IP) and a second part of the optical signal weighted by the 
second spectral weigjiing function to Ihe second detector (1 1N)» 

9. An optical analysis system (20) as claimed in claim 1 or 8, wherein die 

10 multivariate optical elraaent (10) comprises a first multivariate optical element weighing the 
optical gigna^i by a first partial wei^iing fimction and a second multivariate optical elem^t 
fiDr w^gbing the optical signal weighed by the first partial weighing function by a second 
partial wdgbing fimction. 

IS 10. An optical analysis system (20) as claimed hi Claim la fiirther 

li^ source (1) for providuig li^t for illmninatmg a sample (2) oomprishig a substance 
having a concentration and hereby generating the principal component, the amplitude of the 
pzincipal oon^nent relating to the concmtzaticm of the substance, 

20 11, A blood analysis system (40) compdsing an optical analysis system (20) as 

claimed in Claim 10, the sample comprising blood. 

12. A mettiod of determining an amplitude of a principal component of an optical 

signal, the method comprising the steps of: 
25 - reflecting tiie optical signal by a multivariate optical client (10) having a 

spectral reflectivity corresponding to a spectral weighing fimction, and 

detecting the optical signal reflected by the multivariate optical element (10). 



in/l2 '03 VEN 15:34 [N** TX/RI 52111 



PHNL031517WO . r n « 

PCT/13 0 3 / 0 I) 0 8 9 

29 

ABSTRACT 



Tb& optical analysis syston (20) Sar detenniTiing an amplitude of a principal 
componaxt of an optical signal comprises a inultivaiiate optical elemrait (10) for reflecting 
the optical signal and Hiei^y weigihing the optical signal by a spectral weighing fimction, 
and a detector (9, 9P. 9N) for detecting the wd^ed optical slgnaL The optical analysis 
S system (20) may farther comprise a dispersive element (2) for spectrally dispersii^ the 

optical signal, tbB muMvaiiate optical element bdng ananged to receive the dispelled optical 
signal. The blood analysis system (40) comprises the optical analysis system ^0) according 
to the invention. 
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